ABSTRACT
INTRODUCTION
In 2012, the Japanese Prime Minister Shinzo Abe published 'breakaway from deflation' as one of his policy objectives under 'Abenomics 1 ', establishing the goal of a 2% per year price rise. 2 This policy objective will be assumed as one of the key objectives leading to the future recovery of the Japanese economy. For over 20 years, the Japanese economy suffered from the deflation, which ultimately led to a deflationary spiral. We presume that this negatively affected household budgets through price changes and the sluggish growth of household incomes. To capture the influence of these price changes, we measure the cost-of-living index according to price changes and price elasticities, and their fluctuations, using time-series data from over 20 years from 1989-2011. In our analysis, we use semi-macro panel data from 47 prefectural capitals. The panel data includes both a time-series dimension and a cross-sectional dimension and can measure the cost-of-living index considering the different budgets of each prefectural capital.
Estimating the cost-of-living index could reveal the practical impact of these price changes on Japanese households. Essentially, the argument for a cost-of-living index is that it implement for the efficacy of policy as the inflation target, based on demand analysis. The cost-of-living index, which is defined as the ratio of the minimum cost to achieve a base period level of utility at current period prices to the base period level of expenditure, incorporates substitution effects, expenditure levels, and household characteristics, and provides information about particular household circumstances, such as the impact of inflation. Measuring changes in the cost-of-living index poses many challenges because its construction for a group or society involves several issues of aggregation, substitution, equivalence scales, and welfare comparisons. However, there is much help available in the literatures for resolving these issues, such as that provided by Deaton and Muellbauer (1980) ; Fry and Parshardes (1989) ; Lewbel (1989) and Pollak (1989) . For example, Fry and Parshardes (1989) constructed a true cost-of-living index of the Price Independence Generalized LOGarithmic (PIGLOG) model by modelling substitution as an aggregation shift parameter and exploiting the Tornqvist index. This index is expressed in terms of substitution effects and expenditure levels and includes demographic information and household characteristics.
The constitution of this paper is organized as follows. In Section 2, we introduce the Exact Affine Stone Index (EASI) demand model developed by Lewbel and Pendakur (2009) and the price effects derived from this model. In Section 3, we explain the data sources used in this study, and in Section 4, we report the empirical estimation results such as the compensated semi-elasticity calculation. In Section 5, we calculate the cost-of-living index in Japan for price changes during 1989 to 2011.
1 The Abenomics is a popular name given for a series of economic policies in Japan that politician, Shinzo Abe of the Liberal Democratic Party advocated in the second Abe Cabinet.
THE MODEL

The Exact Affine Stone Index Demand Model
In this analysis, we use the Exact Affine Stone Index (EASI) demand model developed by Lewbel and Pendakur (2009) . The use of this model has valuable advantages over other demand systems in our analysis. First, since the EASI demand functions are derived from a specified cost function, given estimated parameters, it is possible to provide an expression for consumer surplus, such as a cost-of-living index for price changes. Second, the EASI model can be polynomials of any order in log real expenditure and can have any rank up to , where is the number of goods, although we have always believed that the limit of rank is three even with polynomial Engel curves by Gorman (1981) . 3 In Section 4, we will show that the Engel curve in Japanese households does not necessarily hold linear relationships between budget shares and log expenditure , and further, we observe high-dimensional relationships between them in the specific goods. Therefore, using the EASI model leads us to perform a further fitted model in the estimation.
As the beginning derivation of this empirical model, Lewbel and Pendakur (2009) define the specified cost function that accommodates high-rank Engel curves as:
By Shephard's lemma, we obtain Hicksian (compensated) budget share functions as ( ) The budget share is given by
The expression for can be yielded by an implicit utility :
The implicit utility of (3) can represent as the log real expenditure.
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By substituting implicit utility into the Hicksian budget shares, we obtain the implicit Marshallian budget share for goods by household in period as 3 For example, the Almost Ideal Demand System (AIDS) by Deaton and Muellbauer (1980) . is a popular model with rank two and the Quadratic Almost Ideal Demand System (QUAIDS) models by Banks, Blundell and Lewbel (1997) . is rank three.
4 Indirect utility is the inverse of log cost function with respect to ( ). If an analytical is unavailable, we can express utility as a function (
. By construction, and the implicit Marshallian demand system is given by ( ), which is the Hicksian demand system except u is replaced with y.
5 (3) equals log expenditure in the base period if . However in the Japanese demand system, we often use as , so it does not equal to log expenditure.
Where is the number of goods in this system, is the th budget share in total expenditure, and is the log price of goods . and are the parameters for the observable demographics and the interactions with the observable demographics and with log real expenditure . and are coefficients for the interactions with the observable demographics and the compensated price effects and the interactions with real expenditure and with price effects. Unlike the AIDS and other models, the error terms of EASI budget shares equal unobserved preference heterogeneity or random utility parameters. That is, it is possible that the error terms have an economic interpretation. We call (4) as an implicit Marshallian EASI model.
As described above, implicit Marshallian EASI demands have no rank restriction, as noted by Gorman (1981) . In order to estimate parameters simultaneously with (3), we use three-stage least squares (3SLS) or generalized method of moments (GMM) estimation with instruments to account for endogeneity due to the appearance of the right-hand side of .
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Letting the deflator of nominal expenditure as a Stone (1954) (Pashardes, 1993; Buse, 1994) . Unlike the AIDS model, the use of a Stone index for nominal expenditure in the EASI model is exact, and it is the correct deflator for obtaining real expenditure. However, we find that this use also yields endogeneity as the exact model. The EASI cost function (1) satisfies the general regularity of cost function. That is, the adding-up constraint is given by
Since the adding-up condition is automatically satisfied, we use the equations in the estimation. The homogeneity conditions are given by 6 However, Lewbel and Pendakur (2009) . showed that the bias from ignoring endogeneity could be small in empirical analysis. , as negative semi-definite.
Semi-Elasticities and the Cost-Of-Living Index
We first consider semi-elasticities to be derivatives of budget share with respect to log real expenditure and log prices , and expenditure elasticities with respect to log prices . The semielasticities with respect to log real expenditure are given by
This is possible to interpret as real expenditure elasticities. Compensated price semi-elasticities are given by
If we express (10) as matrix ∑ , compensated expenditure elasticities with respect to log prices are given by ( )
We next consider the evaluation of cost to a price change. We measure a consumer surplus for a price change from to by the cost function of (1) as follows:
This is named as the cost-of-living index. The cost-of-living index is defined as the ratio of the minimum expenditure required to attain the base preference at prices to that required at prices . The first term of (12) expresses the Stone index ( ) for a price change from to . That is, the effect in the first term is derived from the budget shares of the base preference and unobserved heterogeneity . The second term allows us to model substitution effects explicitly. The effect in the second term is derived from the quadratic of a price change from to , observable demographics , and log real expenditure .
The unobserved heterogeneity enters only through the first term . We can also think of the cost-of-living index as incorporating these two effects. The traditional nonparametric approaches to the cost-of-living index use only the first-order term, which accommodates unobserved heterogeneity, but does not incorporate the second-order term, which captures substitution effects.
Our approach has the advantage of measuring these two effects in the cost-of-living index.
DATA AND SOURCES
The Household Survey data used in our analysis are the panel data for two groups -workers' On the other hand, our data series must include the time-oriented change of characteristics over approximately 20 years. Figures 1 and 2 show the mean budget shares and log prices over the period 1989-2011. In Figure 1 , budget shares for housing, clothing and miscellaneous display a downward trend for approximately 20 years, whereas those for fuel, medicine, transport, and education, display an upward trend with price changes. In particular, the growth rate for transport is the largest among these commodities, capturing the rapid increase of communication expenses
for Internet and mobile phone usage included under the transport category in recent years. We also expect the presence of fixed time effects, in keeping with price changes in Japanese consumer demand.
In addition, in Figure 2 , log prices for housing and recreation display a downward trend. In particular, among the 10 commodities, the decrease in housing is the most remarkable, and this change would influence the decline of own-budget shares. By contrast, log prices for fuel, medicine, education, and miscellaneous display an upward trend. In particular, the increase in education is noteworthy, and this could be related to improvements in the level of education in Japan over the past 20 years. Later, we calculate the changes in the cost-of-living index over approximately 20 years, including these fixed effects. 
EMPIRICAL ESTIMATION
Estimation of the EASI Model
Since the EASI cost function (1) satisfies the adding-up constraints, we estimate the system of equations dropping the th last equation. The homogeneity constraint on parameters imposes the linear restrictions as in (7). The Slutsky symmetry of (8) Pendakur (2009) we use the parameters of the approximate EASI model with of (5) as the starting values for the exact model with of (3) estimation. As described in Section 2.1, the complication of estimation for (4) is that budget shares also appear on the right-hand side of the equation and this raises the endogeneity issue. In an econometric problem, it is obvious that ignoring this endogeneity results in estimation bias. In addition, we expect the possibility of heteroskedasticity for the error terms .
To account for these problems in estimation, we use the instrumental variables estimators. We select lagged levels of the endogenous variables as instruments , which is uncorrelated with unobserved heterogeneity . Parameters can be estimated by applying, Hansen (1982) (4) by further assumption with instruments. In our estimation, we assume the endogenous variables have a correlation with specific fixed effects. This assumption allows us to identify our model. In addition, our estimates rely on the following identifying
Then, we are required to carry out the Sargan test of the over-identifying restrictions estimation as a test of whether the assumption of correlation between the endogenous variables and individual fixed effects is satisfied. we confirm the sufficiency of two-way fixed effects in our model. As described in Section 3, this result indicates the presence of the different characteristics between the 47 prefectural capitals and the transition over approximately 20 years. Furthermore, we test the significance of the and matrices in the specified model. The exclusion tests for these matrices show the significances of the direct price effects (the third terms in (4)), the interactions between prices and demographics in , the interactions of prices with log real expenditure in , the direct demographic effects in , and the interactions between demographics and log real expenditure in . 9 The Breusch and Pagan test results for heteroskedasticity in regression disturbances indicates that variances are not constan t across observations. Under the heteroskedasticity for disturbance terms, we use the White (1980 The Sargan test rejects over-identification restrictions for only fuel, but does not reject the set of instruments for most equations. This provides evidence for the assumption of the correlation between observed variables and fixed effects.
Finally, the lower section of Table 1 shows the Slutsky symmetry tests in the interactions between prices with demographics in the matrices and the interactions of prices with log real expenditure in the matrices. The combination test results for both the level of prices ( ) and of prices interacting with implicit utility ( ) do not reject symmetry at the 5% level of significance. This result suggests that the Slutsky symmetry is not violated and that the third-order polynomial in is sufficient under the symmetry-restricted model. Table 2 presents the summary of estimated expenditure and price effects of symmetryrestricted results from GMM estimates with instruments. First, we report compensated semielasticities with respect to log real expenditure in the first part of Table 2 , with asymptotic standard errors computed via the delta method. Semi-elasticities with respect to log real expenditure can be easily estimated by (9), interpreted as expenditure elasticity. We find that almost all have statistically significant compensated semi-elasticities at the 5% level. Expenditure elasticities for food, fuel, furniture, clothing, medicine, and education are negative and belong to inferior goods. For example, the expenditure elasticity for food is -0.2395 and implies that a 1% increase of expenditure for food is associated with about a 0.24 % point decrease of budget share for food. On the other hand, the expenditure elasticities for housing, transport, recreation, and miscellaneous are positive and belong to normal goods. In particular, the semi-elasticity for miscellaneous is 0.7621 and implies that a 1% increase of expenditure for miscellaneous is associated with a 0.76% point increase of budget share for recreation.
Estimated Elasticities in the EASI Model
Next, the second block of Table 2 reports compensated price semi-elasticities. Compensated budget-share semi-elasticities with respect to prices are given by (10). The own-price effects are statistically significant and relatively large. For example, the compensated own-price semielasticity for fuel is 5.0592, and implies that a 1% increase of price for fuel is associated with a 5.06 % point increase of budget share for fuel when expenditure is raised to hold utility constant. In contrast, the compensated own-price semi-elasticity for medicine is -4.7268. If the price for medicine increases by 1 %, its budget-share decreases by 4.73 % points. Further, we find crossprice effects are also large and statistically significant. This will suggest the importance of substitute on effects. In particular, the cross-price semi-elasticity for food against transport price is -15.0201. This implies that the increase in transport price is associated with a decrease of 15.02% points in the budget share for food. The budget share for food largely decreases for an increase in the price of all cross-price goods, and the substitution effects are large. This tendency also accommodates for housing, medicine, and miscellaneous. In contrast, for fuel, furniture, and transport, budget shares increase for an increase in cross-price goods.
Finally, the third part of Table 2 shows the own-price expenditure elasticities, given by (11). In (11), we enter with the unobserved heterogeneity terms . We find that almost all have statistically significant own-price expenditure elasticities. Some of the own-price expenditure elasticities are positive. In particular, the own-price expenditure elasticity for fuel is 1.6299 and the elasticity for furniture is 2.0526, and these are highly positively elastic. In contrast, compensated medicine expenditures are negatively elastic, with a significant own-price expenditure elasticity of -1.4321.
In Table 2 , we find that some of the own-price elasticity and semi-elasticity are significantly positive. This does not imply the absence of concavity immediately, but it is difficult to satisfy with the negativity of own-price elasticity in our system. On the other hand, the significance of ownprice elasticity and semi-elasticity is obvious and the various price effects are also observed to be statistically significant. 
MEASUREMENT OF THE COST-OF-LIVING INDEX IN JAPANESE EXPENDITURE DATA
Estimated Results by Equation Systems
In Figure 3 , we measure the change in the cost-of-living index in Japan by comparing two the range from 12.6 to 12.8 in log real expenditure has a large scattered impact on the cost-of-living index. On the other hand, when the base year is 2010, the deviation of indices for every range in log real expenditure is small and it is frequently distributed around the average value. That is, the cost-of-living index holds a similar trend for every range in log real expenditure and does not incline to some range. Figure 1 also represents their substitution effects across the expenditure share equation captured by the second-order term of (12). We find that the second-order terms calculated in the two base years are large together and the cost-of-living index would depend on the trend of the second-order terms. That is, households substitute greatly for cross-price goods in the face of price changes. This effect is confirmed by the large substitution price effects as shown in Table 2 .
Estimated Results by Goods
In That is, almost all can be expressed in terms of the substitution effects. We find that consumers substitute greatly for cross-price goods in the face of price changes. This indicate that differences are small for every range of log real expenditure in the case of 2010, and the change for these goods does not depend on log real expenditure but price change.
We also estimated the cost-of-living indices with unobserved heterogeneity set to zero ( ) although we do not report them in this paper. As shown in (12), the first term of the cost-of-living index includes the unobserved heterogeneity in . If we use ̂, which contains no error term, the unobserved heterogeneity component is not included in the cost-of-living index. We have already found that our estimates would remain almost unchanged if the errors were interpreted as ordinary error terms. In the cost-of-living index, we find that the impact of the treatment of as a measurement error is relatively small. That is, the treatment of would not greatly affect consumer surplus measures 10 . As described above, the effects in the second-order term are large and the costof-living index depends on these terms to a fair extent in our analysis. 
CONCLUDING REMARKS
In this study, we measured the changes in the cost-of-living index in Japan comparing it with calculations using two base preferences. We found that the cost-of-living index was shifted upward by price changes despite the existence of a protracted deflation. That is, we confirmed an increase of consumer surplus with a change in consumer expenditures, prices, and demographics. In addition, in the base year of 2010, the cost-of-living indices were stably distributed around the average value and its deviasions were small, unlike the case when the base year is 1989. The change in the cost-of-living index reduced the gap in the cost-of-living index between every range of log real expenditure.
The cost-of-living index is derived from the budget shares of the base preference and substitution effects, and the change in the index can be expressed by the change in these two effects. In our analysis, in almost all 10 goods, the majority of these changes could be explained by the substitution effect. That is, we found that Japanese households must substitute greatly for crossprice goods in the face of price changes, and this was the main factor behind the increase in consumer surplus. We also found that allowing errors to equal unobserved heterogeneity had little impact on parameter estimates as well as the measures of the cost-of-living index.
The long-term downturn in prices was problematic for the Japanese economy, but we found that the cost-of-living index, itself, increased over approximately 20 years studied in this research.
We also showed that a difference in the level of consumer surplus derived from differences in log real expenditure decreased with the base year as 2010. This can be considered as both an increase of consumer surplus in the low-range in log real expenditure and the stagnation of growth of consumer surplus in the high-range in log real expenditure. On the other hand, we can consider that there is a possibility that consumer surplus has reached a plateau due to long-term deflation. If we can expect a permanent rise in price levels because of the policy effects of Abenomics, a further increase in consumer surplus levels will appear. By the extension of data periods in the future, it will be able to verify the effects of the policies under Abenomics.
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